Chromosomal control of non-gliadin proteins from the 70% ethanol extract of wheat endosperm by Aragoncillo Ballesteros, Cipriano et al.
Chromosomal Control of Non-gliadin Proteins 
from the 70% Ethanol Extract of Wheat Endosperm 
C. ARAGONCILLO, M. A. RODRÍGUEZ L O P E R E N A , PILAR CARBONERO and F. GARCÍA-OLMEDO 
Department of Biochemistry, Universidad Politécnica de Madrid, E.T.S. Ingenieros Agrónomos, 
Madrid (Spain) 
Summary. The non-gliadin fraction of the 70% ethanol extracts of compensated nulli-tetrasomics and ditelosomics 
of Triticum aestivum cv. Chinese Spring has been analyzed by combined electrofocusing and electrophoresis. Seventeen 
of the 21 protein map components of the euploid have been ascribed to eight chromosomes: 4Ap°, 3BS, 6BS, 7BS, 3Dp\ 
4D, 5D and 7DS. 
The relationship of the different map components with other proteins previously associated with the same chro-
mosomes is discussed. 
Introduction 
The central role played by wheat kernel protein in 
the nutrition of mankind justifies the vast amount of 
research carried out on many aspects of its production 
and utilization. 
Although the study of the genetic control of this 
protein has long been of great interest to plant 
breeders, significant advances in this field have taken 
place only recently. These have been made possible 
by the development of methods of ever increasing 
resolution for the analytical fractionation of proteins. 
In particular, research on the chromosomal location 
of genes coding for kernel proteins has received great 
Ímpetus with the production of different kinds of 
aneuploids, especially the ditelosomics and the com-
pensated nulli-tetrasomics of Triticum aestivum cv. 
Chinese Spring developed by Sears (1954, 1966). 
Some of the studies have dealt with chromosomal 
effects on total kernel protein (Eastin et al., 1967; 
Riley and Ewart, 1970; Jha et al., 1971; Siddiqui, 
1972; Morris et al., 1973) but most have focused on 
specific protein fractions. 
The gliadins are the group that has been more 
extensively investigated, both because of their possi-
ble technological significance, as a major fraction of 
gluten, and because of their impact on the nutritional 
valué of wheat, as the fraction with the lowest lysine 
content. In earlier work (Boyd and Lee, 1967; Solari 
and Favret, 1967 and 1970; Shepherd, 1968; Boyd 
et al., 1969), chromosome assignments were based on 
the one-dimensional electrophoretic patterns of gli-
adins, but in some cases the producís of genes from 
different chromosomes were superimposed on the 
electrophoretic pattern and the genes could not be 
unequivocally located. This problem was recently 
resolved by Wrigley and Shepherd (1973) using 
combined electrofocusing and electrophoresis. Thus, 
it was confirmed that genes coding for gliadins are 
located in homoeologous chromosome groups 1 and 6. 
Glutenin, probably the fraction of greater techno-
logical importance, has been less investigated because 
of analytical problems. The first chromosome-glute-
nin component associations have been reported only 
recently by Orth and Bushuk (1974). 
Chromosomal location of components of other 
protein fractions has also been investigated. Com-
ponents of chloroform-methanol extract have been 
associated with chromosomes 7D and 7B (García-
Olmedo and Carbonero, 1970). Bozzini et al. (1971) 
assigned two albumins to chromosomes }D and 4D 
respectively and Noda and Tsunewaki (1972) have 
located genes for buffer soluble proteins in homoeolog-
ous chromosome group 3 by electrofocusing. We 
have recently reported the location of purothionin 
genes in group 1 (García-Olmedo et al. 1974). 
Proteins extracted with 70% ethanol from wheat 
endosperm are mostly gliadins, which are in the 
40,000—80,000 molecular weight (MW) range, but 
also include some glutenins, which are of higher 
molecular weight, and a significant amount of proteins 
under 40,000 MW, which migrate ahead of gliadins 
in electrophoresis at pH 3-2 and have been often 
considered as contaminant albumins and globulins. 
The importance of the latter fraction is twofold: 
they are of great phylogenetic and taxonomic signi-
ficance, as shown by the work of Johnson and co-
workers (Johnson and Hall, 1965, Hall et al., 1966; 
Waines, 1969," Johnson, 1972), and they are richer in 
lysine than gluten. An attempt has been made by 
Waines (1973) to lócate genes for components of this 
fraction by one-dimensional electrophoresis. Al-
though some bands disappeared when particular 
chromosomes were absent, others could not be pro-
perly assigned because of lack of resolution. We 
have recently mapped this fraction by combined 
electrofocusing and electrophoresis and have shown 
t h a t it is const i tu ted of components ex t rac tab le with 
chloroform-methanol bu t no t wi th water and com-
ponen ts extractable with water b u t no t wi th chloro-
form-methanol (Rodriguez-Loperena et al., submit -
ted) . We report here the unequivocal chromosomal 
location of genes for the major i ty of the m a p com-
ponents . 
Materials and Methods 
The compensated nulli-tetrasomics and the ditelosomics 
of Triíicum aestivum cv. Chínese Spring used in this study, 
which are mentioned in Results, were kindly given by 
E. R. Sears (Columbia, Missouri, USA), T. Mello-Sampayo 
(Oeiras, Portugal) and J. R. Lacadena (Madrid, Spain). 
Kernels and half-kernels were extracted with 70% 
ethanol ( 1 0 + 1 0 + lOv/w), the combined extracts 
evaporated in vacuo, redissolved in QM urea and in-
corporated into the electrofocusing polymerization mix-
ture. 
Protein maps of the extracts were obtained by com-
bined electrofocusing and electrophoresis following 
a method based on that of Wrigley (1970), which has 
been described elsewhere (Rodriguez-Loperena et al., sub-
mitted). Electrofocusing (pH range 5 — 8) was carried 
out in 2 x l 4 0 m m polyacrylamide gel columns in all 
cases and electrophoresis (pH 3.2) in the second dimensión 
was performed in 1 mm thin starch gels for wheat samples 
weighing less than 25 mg and in 2 mm starch gels for 
bigger samples, usually 35—50 mg to detect minor com-
ponents. 
Results 
The complete non-gliadin protein m a p of the 7 0 % 
e thano l ex t rac t of Triticum aestivum cv. Chínese 
Spring kernels is shown in Fig. 1. Also included are 
pa r t i a l maps of one ditelosomic and 7 nul l i - te trasomic 
lines wi th different spots missing, which account for 
17 ou t of t he 21 components of t h e euploid m a p . 
Table 1 summarizes the results obta ined with all 
t h e available null i- tetrasomics and ditelosomics of 
homoeologous groups 3, 4, 6 and 7-
Component 1 was absent in nulli 5D t e t r a 5A and 
nulli 5D t e t r a 5B, enhanced in nulli 5B t e t r a 5D, 
and normal in nulli 5A t e t r a 5D, nulli 5B t e t r a 5A 
and nulli 5A t e t r a 5B. Component 21 was enhanced 
in nulli 1B t e t r a 1A and normal in all o ther null i-
te t rasomics of group 1. The available nul l i te trasomics 
of g roup 2 (nulli 2B t e t r a 2A, nulli 2B t e t r a 2D, 
null i 2D t e t r a 2A and nulli 2D t e t r a 2B) showed the 
euploid phenotype . 
I t should be ment ioned t h a t component 9 can 
inferiere wi th the observat ion of component 10 in 
some gels. For th is reason, the resul ts for homoeolog-
ous group 6 were confirmed by mapping water ex-
t r a c t s , which we have previously shown to include 
component 10 b u t no t component 9. 
Al though components 12 and 13 have been listed 
as absent in ditelo 4 A « (Table 1), faint spots can be 
observed in their position which probably correspond 
to components cont r ibu ted by the D genome, because 
Table 1. Deviations with résped to euploid Chínese 
Spring of protein maps of nulli-tetrasomics and 
ditelosomics of homoeologous chromosome groups 
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* n-nulli; t-tetra; dt-ditelosomic 
** + as in the euploid; — absent; + + enhancement; 
components not listed, as in the euploid 
Ae. squarrosa m a p s do show such spots (Rodriguez-
Loperena et al., submi t t ed) . 
Discuss ion 
I t can be concluded from these resul ts t h a t the 
gene (s) for component 5 are located in chromosome 
a rm 3B7? and those for components 6, 7, 14 and 15 
in 3BS. Work ing with the same ex t rac t , Wa ines 
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Fig. l . Protein maps obtained by combined electrofocusing and electrophoresis of non-gliadin proteins of the 70% ethanol 
extracts of the euploid, a ditelosomic and 7 nullitetrasomics of Triticum aestivum cv. Chinese Spring. Only the section of the 
map affected in each aneuploid is shown. Missing spots are indicated by their map number and an arrow. Unnumbered 
arrows indicate enhancement of the spots pointed to 
(1973) found that chromosome }T> modified the 
intensity of a complex band which presumably in-
cluded two proteins found in Aegilops squarrosa. 
Equally tentative was his assignment of a third 
Ae. squarrosa component probably present in the D 
genome of Chinese Spring. He also positively located 
gene(s) for one electrophoretic band in chromosome 
3B. We ha ve demonstrated that components 5, 6, 7, 
14 and 15 are also extracted by water (Rodriguez-
Loperena et al., submitted). Noda and Tsunewaki 
(1972) assigned two components of the buffer soluble 
proteins to chromosome arms }~Dfi and 3BS respec-
tively, using electrofocusing, and Bozzini etal. (1971) 
have located gene (s) for an albumin, designated PCS, 
in chromosome }T) by immunochemical methods. 
Taking into account isoelectric point, electrophoretic 
mobility and solubility, it seems likely that compo-
nent 5 is identical with that assigned by Noda and 
Tsunewaki (1972) to the sanie chromosome a n n and 
also witli one oí tlie faster moving Ae. squarrosa 
components considered by Waines (1973)- However, 
it seems different from PCS a lbumin because the 
isoelectric point oí the la t te r (pH 9-1) is outside t he 
pH range (5—8) oí the amphol ines used in our m a p s 
and would not be detec ted on ex t rac t ion witli 7 0 % 
ethanol . Components 6 and 7 oí our m a p probably 
correspond to band 4 of Noda and Tsunewaki (1972) 
and components 14 and 15 to band 3-
Da ta íor homoeologous group 4 are consistent with 
the location of genes for componen t s 12, 13 and 16 in 
chromosome arm 4A/? and for component 17 in 
chromosome 4D. Components 12 and 13 are included 
in band CM3 of the chloroform-methanol ex t rac t , 
which was assigned to chromosome 4A b y Aragoncillo 
(1973), and m all probabi l i ty , in t he band at 83 mm 
of Waines (1973), which he found to be enhanced in 
the t e t r a 4A's. Similarly, component 16 would be 
par t of the band a t 69 m m and component 17 of the 
one at 65 mm. We have no t seen a n y effect of chro-
mosome 4B. Since component 17 is ha rd ly ex t rac ted 
with water and has a different isoleectric point from 
the Mb 0,19 a lbumin of Bozzini et al. (1971), which 
was assigned to 4D, their being ident ical is excluded. 
Component 1 can be assigned to chromosome 5D, 
al though it is not enhanced in nulli 5A te t r a 5D, and 
component 10 to 6B. We are no t aware of any repor t 
about proteins of their e lectrophoret ic mobilities con-
trolled by these chromosomes. 
An especial case is t h a t of component 2, which is 
not synthesized by nulli 6B t e t r a 6A, nulli 6B t e t r a 6D 
and nulli 7D t e t r a 7B, b u t is present in nulli 7D t e t r a 
7A and in nulli 7A t e t r a 7B. Obviously the s t ruc tu ra l 
gene(s) for component 2 have t o be located in chro-
mosome 6B. The absence of th i s component in nulli 
7D t e t r a 7B has to be ascribed t o t h e inhibi tory effect 
of four doses of chromosome 7B, which is not effective 
in the presence of 7D. Similar phenomena have been 
observed by Shepherd (1968) in t he gliadins and by 
Orth and Bushuk (1974) in t he glutenins . 
Components 3 and 4 are control led b y chromosome 
arm 7DS and components 8 and 9 by 7BS. García-
Olmedo and Carbonero (1970) located genes for two 
components of the chloroform-methanol ex t rac t , 
designated CMl and CM2, in chromosomes 7D and 
7B respectively. Rodr iguez-Loperena et al. (sub-
mit ted) have demons t ra t ed t h a t CMl includes com-
ponents 3 and 4 and CM2 is composed of 8 and 9. 
Fur thermore , CMl is ident ical wi th the band a t 
105 mm of Waines (1973) and CM2 is included in 
a very wide band of his p a t t e r n , between 90 and 
100 mm, which m a y explain w h y he did not detec t 
any effect of 7 B in t h a t zone. 
Component 11 is a faint ly s ta ined spot t ha t seems 
to be associated with chromosome 7D and is included 
in band CM3 of t he chloroform-methanol ex t rac t 
(Rodriguez-Loperena et al., submi t t ed ) . 
Components 18, 19, 20 and 21 have not been 
assigned to any chromosome, probably because genes 
coding for t hem are located in more than one pair 
of homoeologous chromosomes. The fact t ha t com-
ponent 21 is affected by chromosome l A suggests 
t h a t group 1 might be involved. 
These d a t a about the chromosomal control of non-
gliadin proteins ex t rac ted with 7 0 % ethanol are 
essentially consistent with the genome assignment 
based on the protein maps of te t raploid and hexaploid 
wheats and of Aegilops squarrosa (Rodriguez-Lope-
rena, submi t ted) . 
Because of their low int ragenomic variabi l i ty 
(Johnson, 1972; Aragoncillo, 1973; Rodriguez-Lope-
rena et al., submi t ted) , the components of th is group 
of proteins should be, a t the present degree of re-
solution, excellent chromosome markers in phylo-
genetic s tudies. 
Acknowledgements 
Wc wish to acknowlcdge the gift of samples by Drs. 
E. R. Sears, T. Mello-Sampayo and J. R. Lacadena and 
the technical assistance of J. A. Munuera. This study was 
supported by a grant of the Junta de Energía Nuclear, 
Madrid, Spain. 
Literature 
Aragoncillo, C.: Proteinas CM en Triticum spp. Purifica-
ción, caracterización y regulación genética. Dr. Ing. 
Agr. Thesis. Polytechnical University of Madrid (1973). 
Boyd, \V. J. R., Lee, J. W.: The control of wheat gluten 
synthesis at the genome and chromosome levéis. Ex-
perientia 23, 3 3 2 - 333 (1967). 
Boyd, W. J. R., Lee, J. W., Wrigley, C. W.: The D-genome 
and the control of wheat gluten synthesis. Experientia 
25, 317 -319 (1969). 
Bozzini, A., Cantagalli, P., Piazzi, S. E. : Chromosonial 
location of the genetic control of two proteins specific-
ally attributed to hexaploid wheat by immunochemical 
methods. Eur. Wheat Aneuploid Newslett. 3, 16—17 
(1971). 
Eastin, J. D., Morris, R., Schmidt, J. W., Mattern, ]». J., 
Johnson, V. A.: Chromosomal association with gliaüin 
proteins in the wheat variety "Cheyenne". Crop 
Sci. 7, 674 -675 (1967)-
García-Olmedo, F., Carbonero, P . : Homoeologous protein 
synthesis controlled by homoeologous chromosomes in 
wheat. Phytochemistry 9, 1495 —1497 (1970). 
García-Olmedo, F., Carbonero, P., Aragoncillo, C , Fer-
nandez de Caleya, R., Torres, V.: Expression of homo-
eologous molecular systems in wheat alloploids. Proc. 
V l l t h Congress of EUCARPIA Budapest (in press 
1974). 
Hall, O., Johnson, B. L., Olered, R.: Evaluation of genome 
relationships in wheat from their protein homologies. 
Proc. 2nd Int. Wheat Genetics Symp., Lund 1963. 
Hereditas, Supp. Vol. 2, 47—54 (1966). 
Jha, M. P., Kaul, A. K., Raghaviah, P., Swaminathan, 
M. S.: Identification of chromosomes carrying factors 
for seed storage proteins. Wheat Inform. Serv. No. 32, 
9 - 1 3 (1971). 
Johnson, B. L.: Protein electrophoretic proíiles and the 
origin of the B genome of wheat. Proc. Nat. Acad. Sci. 
USA 69, 1398— 1402 (1972). 
Johnson, B. L., Hall, O.: Analysis of phylogenetic affin-
ities in the Triticinae by protein electrophoresis. 
Amer. J. Bot. 52, 506-513 (1965). 
Morris, K., Schmidt, J. W., Mattern, 1». J., Johnson, V.A.: 
Chromosomal locations of genes for high protein in the 
wheat cultivar Atlas 66. Proc. 4 th Int. Wheat Genet. 
Symp. Columbia, eds. Sears, E. 11., Sears, L.M.S. 
(University of Missouri) pp. 715—718 (1973). 
Noda, K., Tsunewaki, K.: Analysis of seed proteins in 
ditelosomes of common wheat. Japan. J Genet. 47, 
315-318 (1972). 
Orth, R. A., Bushuk, W.: Studies of glutenin. VI. 
Chromosomal location of genes coding for subunits of 
glutenin of common wheat. Cereal Chem. 51, 118— 126 
(1974). 
Riley, R., Ewart J. A. D. : The effect of individual rye-
chromosomes on the aminoacid content of wheat 
grains. Genet. Res. Camb. 15, 209—219 (1970). 
Rodriguez-Loperena, M.A., Aragoncillo, C , Carbonero, 1\, 
García-Olmedo, F . : Heterogeneity of wheat endosperm 
proteolipids (CM proteins). Submitted for publication 
(1974). 
Sears, E. R.: The aneuploids of common wheat. Mo. Agr. 
Exp. Sta. Res. Bull. 572, 58 pp. (1954). 
Sears, E. R.: Chromosome mapping with the aid of 
telocentrics. Proc. 2nd. Int. Wheat Genet. Symp., 
Lund 1963. Hereditas, Supp. Vol. 2, 370—381 (1966). 
Shepherd, K. W.: Chromosomal control of endospeim 
proteins in wheat and rye. Proc. 3rd. Int. "Wheat 
Genet. Symp. (Aust. Acad. Sci., Canberra) pj>. 86 — 96 
(1968). 
Siddiqui, K. A.: Protein contení and quality of wheat 
chromosome substitution unes. Hereditas 71, 157 — 160 
(1972). 
Solari, R., Favret, E. A.: Linkage of genes regulating 
the protein constitution of wheat endosperm. Wheat 
Newsletter 14, 19 — 20 (1967). 
Solari, R., Favret, E. A.: Localización cromosómica de los 
genes responsables de la síntesis de. }>roteínas del endo-
spermo de trigo. Bol. Genet. Inst. ÍMtotee. Castelar 7, 
2 3 - 2 6 (1970). 
Waines, J. G.: Electrophoretic-systematic studies in 
Aegilops. Ph. D. Thesis. Univ. Calif. Riverside. Diss. 
Absts. No. 69—19: 131 (1969)-
Waines, J. G.: Chromosomal location of genes controlling 
endosperm protein production in Triiicum aesiivum cv. 
Chinese Spring. Proc. 4 t h Int. Wheat Genet. Symp. 
Columbia, eds. Sears, E.R., and Sears, L.M.S. (Uni-
versity of Missouri) pp. 873 — 877 (1973). 
Wrigley, C. W.: Protein mapping by combined gel electro-
focusing and electrophoresis: Application to the study 
of genotypic variations in wheat gliadins. Biochcm. 
Genet. 4, 509-516 (1970). 
Wrigley, C. W., Shepherd, K. W.: Electrofocusing of 
grain proteins from wheat genotypes. Ann. N. Y. Acad. 
Sci. 209, 154—162 (1973)-
